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Method of procuring Phosphate of Lime and Magnesia. 289 

2 m - - 2 i + 2  2 m - - 2 i + 1  m - - i + l ( :  2m I )  
2 i - - 1  " 2 i  - - "  ~ 2 i - - 1  

and m - - i +  1 
i " 

Now m equals or exceeds 2 i - 1, .'. the former fraction is to 
the latter always in the proportion of 1 + a: 1, a being posi- 
tive; consequently the upper coefficient is eontinually greater 
than the under one, as far as the mid-term, when the inverse 
march begins, but the upper one still retaining its greater 
magnitude. Hence the difthrence, which ought to be zero, is 
the sum of positive multiples of real squares, a series which 
cannot = 0, unless a common factor in the coefficient va- 
nishes; the one for i =  1 is 2m ('2m -- 1) =2m,  whence m = 0  
or 1, and as m (m- - l )  enters all the terms, these are the only 
possible values (the ease of r or s = 0 is of course excepted). 
But m cannot --  0, for then a :°+y°=z° ,  .'. m =  1 or n -- 2 is the 
only possible even value of the exponent. 

Hence I consider Fermat's proposition to be correct. 
London, August 18, 1845. S . M .  DRACH. 

[In publishing this asserted proof of Fermat's theorem, we are actuated 
by a hope that, even should it be found unsatisfactory, the method may 
contain useful suggestions.--Em PHIL. M.a.G.] 

X L I V .  On an Ogconomical Method of procuring Phosphate of 
Lime and Magnesia from Urine for Agricultural Purposes. 
B u JoHN STENItOUSE, Ph.D.* 

T H E R E  are few points in agricultural chemistry which are 
at present believed to be so fully established, as that the 

earthy and alkaline phosphates are indispensable to the perfect 
development of those plants and seeds which constitute the 
food of man and of the inferior animals. This consideration 
has led to many attempts to procure more abundant supplies 
of  phosphoric acid, as a deficiency of that element, it is evi- 
dent, must ever present a serious impediment to the progress 
of  agricultural improvement. The  chief sources fi'om which 
phosphoric acid has been hitherto obtained, have been bones, 
guano, and the urine of men and animals. The  usual ways 
of employing urine have been, either to apply it directly to the 
fields in its liquid state, or by neutralizing it with sulphuric 
acid, and evaporating it to dryness, till it forms a mass of salts, 
which renders it easily transportable. In the liquid state, from 
its great bulk, urine is an inconvenient article to collect and 

* Communicated by the Author. 
Phil. Mug. S. 3. Vol. 27. No. 180. October 18¢5. U 

D
ow

nl
oa

de
d 

by
 [

N
ew

 Y
or

k 
U

ni
ve

rs
ity

] 
at

 2
1:

58
 2

3 
Ju

ne
 2

01
6 



~90 Dr.  J. Stenhouse on an (Economical Method o f  

transport to any distance, and any attempt to reduce it to the 
solid state by evaporation, involves so large an expense for 
fuel as to render it in most cases quite unadvisable. 

• The method by which I purpose . . . . .  to procure phosphoric 
acid from urine is not by evaporation, but by precipitating ~t 
in the state of the insoluble phosphate of lime or bone-earth. 
This is easily and cheaply effected, by merely adding a slight 
excess of lime-water, or still better, of milk of lime, to the 
urine so long as it causes a precipitate. This precipitate, 
when produced by means of lime-water, has a bulky gelati- 
nous appearance, very much resembling alumina, and, as will 
be seen by the subjoined analysis, consists of basic phosphate 
of lime with a little magnesia and some organic matter. After 
standing for some hours-~ the precipitate subsides pretty readily,, 
and the greater portion of the supernatant water may be easily 
drawn off by a siphon. The remainder may then be removed 
by collecting the precipitate on any suitable filtering appara- 
tus. On drying the l~recipitate, which, as we have already 
mentioned, is very voluminous, it shrinks exceedingly. For  
the purpose of obtaining this precipitate, it is by no means 
necessary that the urine should be in a concentrated state ; I 
have been able to procure it quite readily from urine diluted 
with ten times, or even more, of its weight of water. I t  is in 
this circumstance that the chief advantage of the proposed 
method consists, as urine can thus be made available as a 
source of phosphoric acid, even in the very diluted state in 
which it usually passes into the common sewers, when it has 
hitherto been regarded as unfit for any useful purpose. When  
the precipitate is destructively heated, it blackens, owing to 
the considerable quantity of organic matter it contains; and 
it emits at the same time a disagreeable ammoniacal smell, so 
that it is by no means destitute of nitrogen. The organic 
matter I believe to consist chiefly of mucus which has been 
carried down by the lime. A quantity of this precipitate dried 
at 212 ° F. was subjected to analysis. I t  gave--  

Lime . . . . . . . . . . . .  66'96 
Magnesia . . . . . . . . . . .  1 'S2 
Phosphoric acid . . . . . . . . .  40"18 
Loss by ignition, organic matter and water I S'54 

100'00 

As I have already mentioned, the precipitate when heated 
to ~12 ° F. gives off an ammoniacal smell, and consequently, 
when it is meant to be employed as a manure, should be dried 
at a very gentle heat. The quantity of nitrogen contained 
in the precipitate, when dried at an ordinary temperature, was 
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proeurlng Phosphate of Lime and Magnesia. 291 

more than I expected. One portion dried in this way gave 
by Will's method 1"91 per cent. nitrogen, or nearly two per 
cent.; a second quantity, dried at 212 ° 17., gave only 0"88 ni- 
trogen. Another portion, air-dried, when heated to redness, 
gave only 41"19 per cent. of fixed residue. 

One pound of urine precipitated with lime-water gave, when 
heated to redness, 19'92 grains of phosphate of lime and mag- 
nesia. A second pound of more highly concentrated urine, 
similarly treated, gave 32'38 grs. of the same substances. Both 
quantities were urine in its natural state. It is clear that these 
results can only be regarded as approximative, as urine varies 
so much in concentration in every individual, according to the 
circumstances in which it is produced. 

The amount of phosphate of lime obtained from a pound 
of urine is, it must be confessed, by no means considerable. 
When  we reflect, however, what an immense quantity of di- 
lute urine may be readily obtained from the common sewers 
of some of our large towns, it is clear that this is a source 
which might be made to furnish the fields with large quanti- 
ties of the phosphates which are at present passing into the 
rivers, and which thus, for a long time at least, remain un- 
availing for agricultural purposes. In conclusion, I shall 
shortly describe the way in which I believe the operation of 
precipitating the phosphates may be most conveniently con- 
ducted on a large scale. The urine, in the state in which it 
passes into the sewers, may be collected in any suitable pond 
or tank, and the lime-water, or what is still better, the milk of 
lime, may be prepared in a second tank of much smaller di- 
mensions situated on a higher level. The milk of lime should 
thenbe  run into the first tank containing the urine, and the 
liquids well-mixed by.agitation, so long as a precipitate falls. 
I greatly prefer empIoymg a shght or even a considerable ex- 
cess of milk of lime, rather than lime-water; for though the 
phosphoric acid in the urine is completely precipitated by 
either reagent, lime-water produces a gelatinous precipitate 
which does not subside so readily and is diffieuh to filter, 
while milk of lime throws down a floeeulent precipitate which 
is much more manageable. When the mixture of the lime 
and urine has been left to repose for some hours, the precipi- 
tate subsides pretty fully, so that three.fourths of the water 
may be readily drawn off by means of a siphon. By remo- 
ving a plug at the bottom of the tank, the remainder of the 
water may be run off through any suitably constructed filter- 
ing apparatus, and the phosphate of lime and magnesia ob- 
tained as a bulky gelatinous mud. 

The mass may be rendered perfectly dry, either by exposing 
U ~  
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~92 Mr. J. Cockle on the Theory of Equations. 

it ill shallow vessels to the rays of the  sun, or to a current of  dry 
or hot air. When  dry it fbrms a friable mass, which, when 
slightly rubbed, crumbles into a very fine powder. The quan- 
tity of lime required to precipitate the phosphoric acid from 
urine is by no means great, and the only difficulty experienced 
in the whole process is in the filtration, which proceeds much 
more slowly than could be wished, though I have no doubt  
that a little practice would suggest the means of greatly dimi- 
iaishing, if not of wholly obviating this impediment. 

Glasgow, August 26, 1845. 

P.S. Since the above was written, I have ascertained that 
the difficulty in filtering and drying the precipitate, to whieh 
reference has more than once been made, may be greatly obvi- 
ated by intimatel 3 mixing a small quantity of finely-powdered 
wood-charcoal with the precipitate, after the great bulk of the 
water has been drawn off by means of a siphon or otherwise. 
The quantity of charcoal which is necessary for this purpose, 
is by no means considerable ; it has the effect of rendering the 
precipitate tolerably porous, and thus greatly facilitating its 
being filtered and dried. I f  the charcoal-powder, before being 
mixed with the precipitate, has had a considerable quantity of 
putrid urine filtered through it, it becomes strongly charged 
with ammonia, and is thus rendered much more valuable as a 
manure. The  urine which has been used to impregnate the 
charcoal can, of course, be run into the tank, and the phos- 
phorie acid it contains be precipitated with lime in the way 
already described. J . S .  

X L V .  Supplemental?/ Remarks on Elimination, and on the 
Theory of Equations. By JAMES COCKLE, ./~X.,dL, of Trinity 
College, Cambridge; Special Pleader*. 

5. I N  the development of f s(10.)'] ", let the coefficient of  
-,,- zp zq z~ be denoted by (p q r), with the exception of  

that o f z  z, which we shall represent by ai, and let 

,'p,q = a t ( l p q )  --  "~ ( l i p )  ( l i e )  , . . . .  (11.) 

~p,q,,= at~(pqr)---~-~(l~p)(l~q)(l~r), • . (120 

subject to the condition that, when ra of  the quantities p, q, r 
become equal, the last terms of (11.) and (1~.) are to be di- 
vided by m ( m - - 1 ) . .  9 . 1 ,  then, if 

• Communicated by T. S. Davies, Esq., F.R.S., F.S.A., &e. 
t See my paper in this (August) Number of the Phil. Mag. p. 1~6, line 3. 
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